Eukaryotic cilia are assembled by intraflagellar transport (IFT) where large protein complexes called IFT particles move ciliary components from the cell body to the cilium. Defects in most IFT particle proteins disrupt ciliary assembly and cause mid gestational lethality in the mouse. IFT25 and IFT27 are unusual components of IFT-B in that they are not required for ciliary assembly and mutant mice survive to term. The mutants die shortly after birth with numerous organ defects including duplex kidneys. Completely duplex kidneys result from defects in ureteric bud formation at the earliest steps of metanephric kidney development. Ureteric bud initiation is a highly regulated process involving reciprocal signaling between the ureteric epithelium and the overlying metanephric mesenchyme with regulation by the peri-Wolffian duct stroma. The finding of duplex kidney in Ift25 and Ift27 mutants suggests functions for these genes in regulation of ureteric bud initiation. Typically the deletion of IFT genes in the kidney causes rapid cyst growth in the early postnatal period. In contrast, the loss of Ift25 results in smaller kidneys, which show only mild tubule dilations that become apparent in adulthood. The smaller kidneys appear to result from reduced branching in the developing metanephric kidney. This work indicates that IFT25 and IFT27 are important players in the early development of the kidney and suggest that duplex kidney is part of the ciliopathy spectrum.
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Introduction
During mammalian development, cilia play critical roles in breaking left-right symmetry and in organizing the hedgehog signaling pathway. Ciliary dysfunction causes a wide variety of disorders collectively known as the ciliopathies that include birth defects affecting most organs. In the kidney, cilia are well known for their roles in maintaining tubule architecture and preventing cyst formation. Recently, we noted that mutations in a number of cilia-related genes caused duplex kidney formation (San Agustin et al., 2016) . This malformation, which is known in humans as duplicated collecting duct system, is thought to be caused by the formation of extraneous ureteric buds at the first steps in development of the metanephric kidney. Duplex ureteric buds can interact separately with the metanephric mesenchyme leading to a duplex kidney with upper and lower poles drained separately by individual ureters. Often one of the ureters does not connect to the bladder properly or even at all, leading to obstruction, reflux of urine from the bladder to the kidney, and/or risks of infection.
Germline loss of Ift25 and Ift27 caused duplex kidney with high frequency (Keady et al., 2012; Eguether et al., 2014) . These proteins are subunits of the intraflagellar transport (IFT) complex B. The IFT system is required for ciliary assembly and is thought to be responsible for transporting the 1000 or more ciliary proteins from their sites of synthesis in the cell body to the organelle in order to build and maintain the structure. Unlike most other complex B proteins, these two subunits are not needed for ciliary assembly but are needed for hedgehog signaling. Activation of the hedgehog pathway begins with sonic hedgehog or another hedgehog ligand binding to its receptor patched-1. This causes patched-1 to exit the cilium, allows smoothened to activate and accumulate in the cilium. Smoothened then activates the downstream steps of the pathway to reduce the production of the Gli3R, promote the activation of Gli2 and the expression of Gli1 to drive expression of a few hundred genes under control of the hedgehog pathway.
Kidney development in the mouse begins with the formation of the
